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WJilffiTOwT AHS3BAL LaBORaTORT 

MW0gJügO| RIPORT BO. Itf, 710/756 

Partial Report on Problem B-8.2 

23 June 19U5 

Resistance of Various Laainates to Perforation 

by Iragasnt-Siaulatlag Projectiles 

1. At tha raquatt of tha Offio«, Chi«f of Ordnance1-8 and the Boston 
Ordnance District Office-',  tests hare been conducted at tbie laboratory over 
a period of several months on Tarions laminated materials,    as each test ha» 
been concluded the reeulte hare been reported1°-18# oat this is the first 
attempt to integrate the results of the various test«. 

2. In an attempt to sisolate in a ballistic Halt test the effects of 
attack by fragments of high-explosive shell, several projectiles have been 
developed at this arsons; iT^-v^. Since the results of actual fragmentation 
tests hare become known,  It has beeea* apparent that the results of tests 
made with these projectiles do not correlate with the results of attack by 
actual fragments, whan the resistance of different saterials is being 
ascertained.    Share is soae evidence, however, that as regards a single 
material and, perhaps, even a class of materials,  the results of that« tea.a 
say be used to shed light on their resietanoe to actual fragaants.    It is 
with this latter hop« that the present report is being prepared so that if 
such use can bs aads of the results of these tests, an analysis of thaa will 
bs available. 

3. lbs results of the various teats conducted here are recited in Tables 
through fill.    Tables IX and X list the various sample* in order of figures 
of aerit with ragard to their resistance to cal.  .U5 ball projectiles and 
cal.   .22 fragment-simulating projectiles, 0-2. respectively.    These figures of 

"it have beon determined on the basis of tha relationship between the re- 
sistance of a subject saapls to perforation by a given projectile and that 
which is characteristic ef samples of Hadfield aaasaaea« steel of equivalent 
weight.    Tables XI and XII list average figures of merit for general types of 
laainat««. 

4.    It is thus readily apparent that undar both types of projectile 
iapaat the Deron (Typo 1)  samples ware superior to other eaaplee tasted and 
those which  incorporated a rubber element late their make-up were decidedly 
Inferior.    Ths *X° panels, because ef variously effieieat adhesion beti 
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the elements, behaved variously hut on the «hol« wer« above average. The 
überglas (11551) samples, which structurally resemble the Doren samples did 
sot attain the efficiency of the latter. However, they exhibited reasonable 
resistance to perforation by the cal. Mj ball projectiles. 

5. Although under actual fragmentation tests of high explosive shell, 
Heron does exhibit resistance to perforation superior to that of Hadfield 
manganese f.teol and this superiority is refloated in the figures of merit 
listed in Tables IX and XI, with respect to perforation by cal. .**5 ball 
projectiles, this should not be taken to be indicative of a correlation between 
the two tests. The resistance of other laalnates to perforation by actual 
fragments is not reliably known and it «"v develop that a material offering 
low resistance to the subject tests might afford high resistance to actual 
fragments. In addition there are indications that Boron owes its superiority 
over Hadfield manganese steel under those two tests to different characteristics. 
Its superiority under attack by the cal. .H5 ball projectile is undoubtedly 
attributable to its unique ability to absorb projectile energy by delaminating 
over a wide area prior to local failure. Its superiority under attack by 
actual fragments seems more to be attributable to ite greater thickness, and 
widespread delamination does not occur. 

6. Thus it would appear that until more in known about the resistance 
of these various types of laminates to actual fragments, no predictions con- 
cerning their probable resistance to such attack can be made on the basis of 
ballistic limit tests. 

f '/ d. U*.n.* 

I   J. T. Sullivan 
Asst.  togineer 

APPBOVXD: 

ef'/&u 
i.  L. BX££ 
Beeearoh Metallurgist 
Chief, Armor Section 
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(reference - lopart lo. WAL 710/641) 

Sttmary of Ballistic Teeta Conducted at Wa tor town Areeoal on 

Yarloue Flaetlo Material! (Doroa) Submitted by qoartoraaeter Corp. 

Ballletlc LU1U (T/3) 

Qutrteraaater 
Identification 

!-l4l 
fi-404d 
l-404j 
1-158 
1-148 
!-l6€ 
1-150 
H-IU7 
1-117 
1-159 
fi-116 
1-1* 
1-123 
1-120 
R-II3 

lor GonrparlBon 
Hadflin  
Mangan«•• 

steel 

Caliber .451 
IquiTalent koom Aftor 
Steel Qauge 

loom Teaporatnr« 

. -60*1. laaersion G-l-a2 G-l-S3 0-24 

.029" 
,040" 
.04l» 
,04l« 
.041" 
.042" 
.042« 
.042» 
.043« 
.044" 
.0U5" 
.045" 
.046» 
,046» 
.047« 

895 
io4i 
1037 

1105 
984 
97* 

1060 
no4 
1105 
1152 
1117 
109g 
1162 
1104 

.030» 704 

.ouo" 900 
,oi*5»   950 

1124 
1123 
1173 
1118 

1006 

5U0 
475 

760 1161 
901 13SO 

1460 »35 906 
508 910 «. 

J95 1009 1478 
488 973 1283 

U75 
1043 1370 
1030 - 

483 1030 - 

555 955 - 

% 
1065 
975 

12?3 
l4l!3 

54i 955 
1165 

l4}0 

WKS 998 134*i 

_ 815 121? 
— 900 160C 
- 1050 1675 

1. Caliber  .45 («tael-jackettd) ball projectile - ??0 grain». 

2. Caliber .30 frag»eat-eiBulfttI»g projectile     - 150 grain«. 

3. Caliber .30 fragment-«iMUlatliVC projectile      -    34 graine. 

4. Caliber ,22 f ragmen t-e Isolating projectile     -   17 grair.t. 

.• 
■ 

Mw . 
■ 



TABU II 

(Raferenoe - Hapert Ho. WAL 710/699) 

Soaaary of Ballistic Tests Conducted at Watortowa Arsenal on 

Saaples of Doron (Typ« jjk) Wbloh Had Prewlously Been Subjected to 

Direct 20 am. H.S. Tragaentation Tests at Aberdeen ProYing Ground 

Ballistic Limit (>/s) 
Saaple Oal, M   CKJ" 

(Saaples fired at roon teaperature, ee-reeeired): 
Rh7to ion     13U8 
Rklto 1010       13S0 
H^UL 973      13W 
2ÜJMQ 909     iw* 
R471« 1035     iwh 
a^1* 1039      1378 
ahjUi 10hl      ihQ8 
R580A 1060   I3H6 
H575A 101S  1279 
H582C 101^   1373 

(Saaples fired at -65* at end of 4th phase of weathering cycle): 
*573* 1030 
R582I 1021 
R580C 1031 
R583* -   1361 
R577I -   l%0 
H579C -   13H4 
H575D -   1285 

(Saaples fired at room teaperature at end of Uth phase of weathering cycle)? 
H579C 1065 
H573 1117 
S579D 1175 

(Saaples fired at ♦175* I»  at end of 5th phase of weathering cycle)! 
H58JA IO57 
H571« 1096 
1571» 1060 
H578X -    1270 
H579D -   1U15 
H57H -    1285 

H576B -    lS{ 
(Saaples fired at rooa teaperature at and of 5th phase of weatherin* cycle)t 

Ä577D 10« 
B5771 1072 
H5?l» 1046 

(Saaples fired at +175*'* after a hot phas« of the weatherin« cycle during 
which teaperaturs of cabinet rote abOTs 200*7. for a period of sereral hours). 

»5753 680 
1577B        869 
I58JB 536 
H57> 680 
15821        676 
157**- 805 

- 
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3unm»ry of Ballistic Te«t» Conducted or. SaBploe of Plastic Laalnate«; 

submitted by Victory Plastic» Co. 

(Reference - äeport Be. WAX 710/73?) 

Sample 
So. .".fake-Up  of Sample 

11 ply  fiüerglaüE iJC-ll-l6U coated witn  GB 
»ylOB.     11 Ply Hi/ten Rayon  2 o*. Alternate 
layer».     Coated with 63 Jiylon  eolation, mold- 
ed at 1500 los.  oer  »q.   in.  for I3 »in. at 
3?0 F. 

1019U.B  1H ply yibertlaee ÄCC-11-161» coated with 62 
Jiylon.    lU ply By Ion 6 01.  alternate layers, 
coatee. >itt 6B Hyloc,  moloing pre»»ure 1^00 
It»,   per  sq.   In.   for ^5  »in.  at  320 T. 

1020W*A l1- ply fi'.erglaee iCC-11-161* coatee with 6B 
Nylon.    lU ply Kl/ten Rayon 2 oi.  alternate 
layer»  coated with  63 Nylon,   molding preeiure 
I5&C   lbs.  per.   «:,.   in.   for  }0 als.   at  320 F. 

10?3U«A  lk. ply Flber^la»» ÄCC-U-161* coatee  with  fa 
Nylon.     8  i-'ly  Hi/ten Rayon 2 ot.  alternate 
layer»   in bf.cn   ot   staple,   ccateo  with  6B 
Nylon.    Xolclng oresmire  lpOO lb«,  per,  to., 
la.   for   30 nlr.   at   310  F. 

i..p-«i»l.B  1- pi/  Fiberglass i:C-ll-l6U  coated with  KB 
Sylon.     6 ply Hylon 6 01.   alternste  layer»  In 
tacit  portion of sr»pl».     Coetec with  63 Sylon, 
soliins pressure 1-00 lbs.  per  »q.   In.  for 
tC  ein.   st   VC F. 

'...• — C   I,   ply  Filer»;la»» AC ,'-ll-lc-> coated with 6B 
Kylon.     8  Tly Hi/ten Kajroc  2 Ot.  alternate 
layer»   In back port lor   of  tacpl«.     Coated with 
62 Sylon.  aolclnj- pre»»ure  1006 lb»,  per  *q. 
::..   isr  3^ »!"•  »t  }X t. 

'. '«***?-A»  I- ply  flberglase *CC-il-l6U.     Both  fabric» 
Cw.tf6   wltc   jsivs»   ly.      1«. ply Hjloa 6 O».   «ilt-r- 
£.;*  l™y*rs.    Moleia^ ?r»»*ure  200 lbe. per  iq. 
Is.   lor  'C aln.   at   *J0  F. 

Sagple  alze 

2-3/U«x2-3/'1+'' 

Sample 
weight 

(Oram») 

2S.C 

SquiT. 
"I 

■3/1*"x2-3/U»   33.0 

"il" 

T»X*« 

t»x^- 

Ug. 

UT.C 

«6.0 

65.O 

: o?7W*c 

} C2?w«c 

n.-*7'-^S 

if»ae as lC.17i*l«* exce; t the Flbt:;la»e wai sot 
r.ejt treated ar.c the aoKln^ preeeure reduced 
to 1*0 lb», per »q.   «a. 

j^a»  a»  lC.",7-^«3 »icept   the aoldln^ pr»e»ur» 
«a» reduced to 1?5 lbe.  per eq.  la. 

in*« a»  10?J'*i«B a&d £  except   the aolcla/ 
pr»«»ur» «a»  increased to 200 lb», per eq.   La. 

I1* ply »lbercli-.»« ICC-ll-lP».    *o neat treat- 
ment.     1U ply VityJite  {C.OCU*) alternate 
layer», aolciar preeeure 200 lb»,  per  eq.   Is. 

^•X1!« 19.0 

Steel      Jal.  .U^ 
gauge Req. 

.023"    — 

Balliitlc Limit 

?-3/U«x?-3/U«    16.0      .01+7« 

.03»*» 

.OUl«    ~ 

.OUl«    — 

.QUO« 

06* 

«7.C     .oUi«   — 1- ply *'loer«la»» »CC-ll-lfjJ..    Both fabric« coat-   3,»3* 
»c win 5el*a-lS.     Ik ply a/tea Rayon 2 or. 
iltern'.'.«   liyer*.     Molclaj pre»»ure  2O0  lb»,  per 
»..   in.   for  }0 sin.  at,  32C i*. 

1- ply Flber»la»» i;:-U-l6-.    Sott fabric« ™x}* -7.C       .OUl"    — 
cottec with j*i»a-i; .     i*» rly Hi/tea Rayon  2 
ot.   -.Iterant»  layer»,    Molcta$ pre»»ure 100 
lh«.  per  »^.   ir..   for   C sin.   at  320 F. 

1« ply Flberglne« aOll-U1-.    Heated  in oren   2-3/U"x2-'/U»    32.C       .033«    — 
2 f.re,  ^t  UOC  F.   aad coated «1th 63 5yloa. 
Kolctn*- pre»«ur»   'X' lb«,   per  »c.  !n.   for  30 
= 1=.   at  3-0 F. 

.O^U«    — 

-1-3C 

Act,       Heq.    act.       Req. 

760 <975 

U?c <g6o        — 

Act. 

860 77^70      —        ~ 

—       100C <865 —       — 

—        1000 <gS5 —       — 

— 960 <8!*5 ~        — 

13OC <9is 

—        10OC 890*80      —        — 

—      iooc ?Uc ,\p-. — 

guo <euo 

860 <T85 

\»x3* ts.« .033. - -- 8«»0 <790 — 

3'*3* 38.0 .033«  — - 8W3 <7t0 — 

J.,3» u.o .038«    — ~ 3kO 8l»5*35 — 

for ;: 



;        e^ witL Galva-15. 1*+ ply H/t«n tUyon 2 07. 
alternate layers. Kololng pressure 200 lbs. per 

sq. In. for 30 Bin. at 320 F. 

P  1025^UC 1U ply Fiberglass SCC-11-16^. Both fabrics      3"x3"     "7-C  .OUl« — 

coated with SelYa-15.  I1* ply Hi/ten Eayon 2 
01. alternate layer«. Molding pressure 100 
lbs. per sq. in. for 3O min. at 320 f. 

IO27UU lU ply Fiberglase SCC-11-16U. Heated in oven £*}/k»x2-}/h*    32«c  •033" ~ 

2 hrs. at UOC f.  and coatea with 63 Sylon. 
Moluint pressure }ÜÜ 15s. per sc. in. for }0 
Ein. at 3?0 ?. 

10?7UUB Sam« as IO27UU* except the Fiberglass was not    3"*3"     39«°  ^°3l+" ~ 
neat treated and the noluinfi pressure reduced 
to 150 lbs. per sq. in. 

3 lae as 10 27 ^2 except the molding pressure 
was recuced to 125 I'JB. per sq. in. 

1000 eko App. — 

guO <gU0    ~ 

860 <785    —   — 

1027UUC 

]O27UUE S;jne as 1027U4B ar.d Q except tn«- aolding 
pressure was increased to 200 lbs. per sq. in. 

lO?7Ufi lU ply Fiberglass SOC-II-I6U. No heat treat- 
cent.  lU pi., .'lnyllte (C.OCh«) alternate 
layers, molelng pressure 200 lbs. per sc. in. 
for ;0 a In. at 32C ?. 

iaie as 1027^- eYee?t the molding pressure 
w,ii- recuced to I5O lbs. per sq. in. 

1027UUI 

IO31W* 17 ply Fiberglas? 2-1551.  17 fly Vlnylite 
(0.004s) nltsrnate layers, aolalng pretsuTii 
500 lbs. ptr sq. in. for 30 min. at 31O F. 

IJJIHIIB oame as lOJl1*1*« except, molding pressure was 
recuced to 23^ lbs. per sq. in. 

1031U4C - ply Duck (0.C60").  U ply Tenlte II H5, 
alternate layers, molding pressure 500 lbe. 
per *q. ir.. 'ir  15 Bin. at 32O t. 

l^l-A* 5 ply ruck (0, ygO»),  5 ply Vlnylite alter- 
nate layers, soldlng. pressure 500 lbs. per 
sq. In, for 30 Bin. at 3?0 F. (O.GCU«), 

3sae as l03lU'4f except 3 plys of each were 
usod In place of alternate layers of 5 «ach. 

?5 ply Fiberglass X-15:/l.  25" Vinyl!tt 
(O.QCU") alternate layers, molding pressure 
•'•--■ lbs, per sq. ir.. for 3O ala. at 320 F. 

1131.1«», 

iliU+ji 

U^iu 

Ui i"»** A 

111JV.3 

lli>tHA 

22 ply Fiberglass X-1551. 2Z  ply Vlnylite 
(C.OOU'; alternate layers. Molding prtssure 
-.00  lbe. per sq. in. for 30 Bin. at 320 F. 

»1 ply Fiberglass iC 
['-.J15»J alternete 1 
'---:■  lbs. cer se. In. 

1 115*5* 

11^53 

« 

Jr..   for 

3«S3s 38.5 .033» ~ — SUO <79C 

3"*3" 38.O .033* — — 8UO <780 

?»x3« UU,0 .033" — — 9IK) 8^5*35 

3"z3« 

7-l/2ax7-l/25 

7-)./2"x7-3/8» 

7-l/2l,x7-l/2" 

U3.0 

261 

256 

33>> 

7-l/2,x7-l/2"      — 

,037« —        — Q30 ?63+lS 

.036" 930 >899 — — 

.035" 910  80i**2h _ _ 

.0U6« 1350 <512 — ~ 

.01+2" 1000 <5lU — — 

:-128-38.     21 ply Batfur 
;iy*>rs.    Molding preseure 

for  15 aln.  at    33^ F. 

-- ply Fiberglass iC:-128-3S  coated with lOjt 
T13 i.   1.  Batyral  or.  both  sides.    Penetration 
:o-pVeteT    JTolälng ^rsiiur-i  S00 lbe.  per  sq. 
'.'.   for   30 ~'.r..  at  275 F. 

'} ,.lf fiberglass  i:;-1?S-32.     " ■ ply jo.r»n 
*crt*n  i'Jtlia),  alternate  layers. Molding 
pressor* 50o  lb«,  per   sq.   tn.   fo- 35 »In.   at 
3^0 /. 

2-* ply Fljer^lsss *v;>l?8-3Ä.     2 ply ityron 
iH.i.) alternate  plys  sf  styron between  the 
iTtn .tn^ 13tn ply of fiberglase.    Molting 
r.c.ixre 5OO lbs. per sq.   in. far 30 »in.  at 
270  ». 

K   ,1/ /loer,;l«ss *,0;-12i-3<.     2 ply ***ry 
cjota Mo.  -tU.     21 Pli' 3ut»hT  (C015»),    tsery 
;loth piiicec  in alt«ra«te  layers startlr-g 
froa the V*X.L ply  of äutvar and fiberglass. 
Kil:l«^ prsjseure zjQ is«.  j,er sq,  la. for 30 
sin.  at  ?80 f. 

?? ply x-1551  fiberglass  roate«  wl»h a Tlayl 
aisperelaa^. Molding pre»«are 50c lbs. per 
sc.   i«..   fat  10 sla.  a*   JUO F. 

15 Ply X-1551 fiberglass coated with a Tlajrl 
dltpersl^a.     7 ?1.   Sayon coatei  with a »tnyl 
dispersion »lteraate lay»-s  la center portion 
nf »-jpl«; SKLJ~lng pressure  2^0 lbs.  per  e«. 

7-3/8,x7-l/2» 269 .337» 950 O09 

7.6«x7.6i 3S5 .052' 1130 1108 

T.6»x7.6» 330 .047» 1065 1000 

5,x5» 163 .052" 1130 <ii05 

S'xi» 350 .OU3- ——   — 

g"x*« 

<"x8u 

■x7" 

T52 

253 

UCS 

,043.    __      _ 

.üjii«    —      — 

.C6'4« 

ifeio 1078*63 

11*10 <10?5 

11J0    95?el« 

1830    I36O 

air.,  at 

Ply 1-1J51 fiberglass coated  with Vlayl 

§•««• 

SV«« 

8»xS« 

3M 

359 

.OUU» 1030 >95« 

.OU«j" 1030 <82« 

*53       .0U3« 1015 <825 



500 lbs. per sq.  In. for 30 min. at 320 F. 

VlMl 21 ply Fiberglass 2CC-128-3«. 21 ply Butrar 
(O.OIJ1'} alternate layers. Holding pressura 
650 lbs. per  sq.   In.   for 15 min.  at    33O 1". 

111344*  40 ply Fiberglass 3CC-12S-38 coated with lOjf 
Tlj P. V. Butyral on both eld*«.    Penetration 
complete.    Hö^älng pressure 5OO lbs. per SQ.. 

in.  for 30 »in. at 275 '• 
1113UlfB   23 ply Fiberglass iCO-128-38.    23 ply 3ar*n 

screen (Velon), alternate layers.    Molding 
pressure 'jOQ lbs. per  sq.   in.   for 35 Bl*>»  at 
3I+O J. 

llc.51^ 24 ply Fiberglass J.ÜC-I28-3S.    2 ply Styron 
(H.V.) alternate ply« of styron between the 
17th ana 19th ply of Fiberglass.    Molding 
pressure  ;X  lbs. per  sq.   in. for }0 ain.  at 
270 F. 

112544B   "K> uly Jioerglass MJ>12S-38.    2 ply iaery 
cloth Mo.  40.     21 ply Butvar  (0.015").    äaery 
cloth placed in alternate  layers starting 
from the l%th ply of Butvar and Fiberglass. 
Molding pressure  ?y^ lbs.  per  sq.  in.  for  30 
nin.  at  280 F. 

II545A     22 ply X-I55I  Fiberglass coated wUh a Vinyl 
dispersion»- Molding preuure 5OO lbs. per 
so.  in.   for 10 min.  it 34O F. 

II5U5B     15 ply X-I55I Fiberslass coated with a Vinyl 
dlspHrsi")*.    7 ?ly Sayon coatee  with a Vinyl 
dispersion  alternate layers  la center portion 
of SMJiplei-Boliing pressure  2^0 lbs.  per  sq. 
in.   for   .■ sin.   st 3UO F. 

U5U5C     IS Ply X-I35I Fiber*!*»-, coated with Vinyl 
dlspersiia^ . 5 Ply Butrar  (0.005") alternate 
layers   Irs center portion of  sample;  Holding 
pressure  ">50 lbs.  per  s^.   in.   for 10 min.  at 
j4fj   J. 

115^t)E     i-jJtt as ll^'Ö-» eice;-t   tbe molding pressure was 
recueed to  100  lbs.  per 31;.   in.   for  5 min. 
at  3 40 F. 

ilj4;ji     20 ply X-13,1 Fi5er^l.i3'3 -  no coating.     15 ply 
Butvar   (O.UUij";  alternate  layers;  molding 
,.res»uxe  ICC  lit.  per  sq.   in.   for  5 »in.  at 
<4C  F. 

1244>-1   22 ply X-lr.-l Fiberglass,   coated with Vinyl 
citperslon.    Molding pressure  6;>0 lbs.  per 
si,,   in.   for 10 nin    ut   }k'J F. 

1244>-2 

12-4>»-3 

1244^-1   ii-2«   a»   1 
lncr# ..sea 

l-.y,-)B-2 

12^53-3 

12^55-i   Suss as  1 
was lncre* 

12445c-2 

l244",0-3 

1?H45>4 

: •--->'; 

i2—::-(■. 

44^,! except  laolila^ pressure «at 
0  (SJC  ID«,   per   sq.   In. 

M45» use B  except soiling pressure 
ed to  1000 lbs.  per sq.   In. 

■x5" 

8*xS» 

8"x8« 

3"xS« 

7"x7' 

8"x8» 

S»xS" 

168 .052»  1130C105 

350 .043"    —      — 

352 .043» — — 

283 .034« — — 

UC6 

g«x8«    359 

«»xS«    359 

**xS* 353 

375 

332 

.C6U« 

.OUU" 1030 >958 

.OUU« IO3O <g28 

.0U3« 1015 <825 

.0U6» 1050 824*23 

.040» 990 <809 

12"xll-l/ 2*   84fi .048» 1075 36u Fac« 
875 Hear 

i2,il2t 872 .0U7« 1065 820 

12"xl2« 890 .04«« 1075 «21 

12»xl?» 875 .0U7» 1065 801 

12"il2« S94 .048» 1073 8U8 

12*xl2" 891 .0*8« io75 617 

12«xl2" 887 .0*8« 1C75 827 

12"xl>« 895 .#*«■ 1075 362 

12»xl2" 886 .048» 1075 819 

12»xl2» S91 .048« 1075 839 

12»xl2« 882 .CU8« 1073 812 

12Jxi2« 876 .0U7« 1065 «17 

lfclO 10?8*63 

—   lUlO <1025 

lip 952*1*« 

~  —  1830 136O 

1. ;*;..<• steel-Jacketea ball projectile - 230 grains 

2. 3*1..30 frag»«at-slJulatlag projectile -    34 graiao 

3. 0*1..22 fr*g»eat-»iaul«.tl&6 projectile -    If grain« 
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TABUE TU 

(Reference - Report So. UAL 710/281) 

Smamary of Ballistic Test» Conducted at tfatsrtown Arsenal on 

Samples of "X Panel»" Submitted by the ü. S. Rubber Company 

July Shlpaent 
SoUlY. 
Steel Ballistic Limits 

ajae 

„051" 
.051" 
.051» 
.051- 

Make-Up 

- .062" - 
- .062" - 
- .062" - 
- .062" - 

.062" 

.062" 

.062" 

.06;^ 

Lbe. Sq.ft. 

1.93 
1,89 
1.89 
l.SS 

Oauge 

.047" 

.046" 

.046" 

.046« 

Gal. .451 

880 

824 

G-22 

I Panel 
X Panel 
X Panel 
X Panel 

1480 
1350 

X Panel 
X Panel 

.040" 

.0140« 
- .062" - 
- .062" - 

.062" 

.062" 
1.79 
1.84 

.044» 

.045» 
922 

1332 

X Panel 
X Panel 
X Panel 
X Panel 

.064" 

.064» 

.064» 

.064« 

- .051" - 
- .051« - 
- .0^1" - 
- .051« - 

.051« 

.051" 

.051" 

.051" 

1.86 
2.00 
2.00 
2.10 

.046" 

.049" 

.049" 

.051" 

865 
779 

1287 
1408 

X Panel 
X Panel 
X Panel 
X Panel 

.0?2« 

.072» 

.072- 

.072" 

- .051« - 
- .051« - 
- .051« - 
- .051« - 

.051" 

.051« 

.051" 

.051« 

2.20 
2.10 
1.85 
2.10 

.054" 

.051» 

.045" 

.051» 

829 
793 

1327 
1425 

X Panel 
X Panel 

.125" 
• 125' 

- ,051" - 
- .051" - 

.051» 

.051« 
2.83 
2.83 

.069" 

.069" 
1026 

1620 

for Comparison; 

Badfleid Manganese 
Steel 

- — .045" 950 1675 

1. Cal.  .45 steel-Jacketed ball projectile - 23O grains. 

2. Gel.  .22 fra^snt'Slmulatlng projectile -    17 «rains. 

m 



TABLE Till 

(fiefereace - Report lo. WAL 710/286) 
Snemary of Ballistic Toate Conduct«d at Waterto«« Arsenal on 

Saaples of g Panels» Submitted by ü. S. Robber Co. 

Tor Coaparleon 
Radfl«ld M&n&a&eee StMl     - 

AT«. Weight 
loalnal Make-Up Grosi Thick. (Gran) 

.125"-.051•-•051■ A .262« 1842 
3 .260- 1820 
c .266« 1844 
D .265" 1841 
9 .264" 1835 
0 •255» 1815 
H .256" 1811 
I .259» 

.226" 
1855 

.072"-.051*-.051» ▲ 1333 
B .203" 1328 
C 
D 

.213" 
20?" 

136J 
132? 
1334 1 .205» 

T .203« 1335 
a .19?» 1326 
H .204« 13&2 
I .210" 1370 
J .ai" 1305 

.064«-.051 »-.051■ A •199" 1270 
B • 197" 

.20?« 
.204" 

1287 
C 1312 
D I3O9 
X .206» I26O 
1 .199" 1265 
a .202" 1305 
H .191" 1273 
1 .193" 1308 
j .201» 1273 

.051«-.06U"-.OÖM» A .208» 1252 
1242 B :gj: G 1258 
1240 D .213" 

I .207" 1199 
1 .200» 1233 
a .201« 1232 ■ .200« 1242 
1 .-»os« 1240 

.040*-.o64«- .064« 
J 
A 

.199" 

.193" 
1197 
1140 

B .190" 1145 
C 
D 

.192- 

.190« 
1176 
1126 

X .202« S3 1 .185" 
a .192« 1168 
1 •*Sr U73 

1113 I .W- 
J .190» 1125 

Weight 
sq.it. 

Rqulr. 
Steel 
Thick. 

Ballistic 
C&1..451 

LixlU 
'G-22 

1. 
2. 

Cal. 
Cal. 

.45 eteel-Jack«ted ball projectile 

.22 fra^MBt-eianlatinc projectile 

.045» 

- 230 «rain*. 
- 17 cradM* 

s 



TABLE IX 

ConparatlT« Reeistance of Various Sagplee of Laalnatea 

to Perforation by Qal. Jjgj Ball Projectile» 

Material 

My Ion-Re»in Combination 

3-Decker, 8-ply lylon-Hatin with 21-ply 
Hylon Cured Rubber Tiller 

Flberglaa-Baeln Combination 
r-I»ck«r,  S-ply Tiberglas-BeHln with 

21-ply lylon Cured Rubber Tiller 

3-ply Duck (.080«), h-ply Tenite «JB5, 
altarnats layer« 

5-ply Dock (.080»), 5-ply ▼l^'llte, 
alternate layers 

Hyion-Subber Combination 

"*• Panel .O^O» - .06U« - .00*» 

•I» Panel .06U« - -051- - .051« 

•K» Panel .OUO« - .06h" - .CSU» 

•I» Panel  .OUO« -  .06V - .06H« 
•X» Panel  .01*0« -   .OGk* - .06«*" 

«I" Panel .064« - .051« - .051■ 

•£" Panel .051» -  .OfcV - .Q#M» 

■!■ Panel  .051« -  .06^» - .06H« 

■I" Panel  .051» - .ObV - .OgU* 

•i" Panel .OUO» - .OfiU« - .06V 

■!■ Panel  .051" - .OfeV - -06V 

•I« Panel .OfoV - .051« - .051» 

•*■ raael .072« - .051« - .051« 

•*• Panel  .051" -  .Og*" -  .00*" 

•I» Panel .06M - .051» - .051» 

22-ply XI55I Fiberglaa, coated with Tlarl 
dltpertioa, aoldlnc pre»rare SCO p.s.i. 

Kquly. Cal. .15 
Steel Ballletie Tlgure 
Gauge Liait of Merit* Reference 

.039 ■ 367 Ul Table HI 

.OUO» 395 Uh Table IT 

.0U3» 1*5 hi Table III 

.0«*0" U28 hg Table IT 

.0U6- 

.0U2« 

512 

51»* 

5? 

5< 

Table T 

Table T 

.0*5» 569 60 Table III 

.OHS« 621 65 Table Till 

.051" 6S3 6a Table Till 

.OUU« 650 69 Table Till 

.0«*5« 655 69 Table Till 

.0h7" 686 Table Till 

.051» 718 Table nil 

.0U9«» 723 Table Till 

.oi*9« 721 Table THI 

.oi*9# 730 Table fill 

.ohg» 715 Table Till 

.0M9» 7*> 75 Tail« Till 

.<*9« 779 79 Table TXX 

.051« 793 79 Table Til 

.0H8« 778 79 Table Till 

.050« 798 80 Table nil 

.OU7» 801 «3 Table T 



ffr* 

TABU IX (COST'D) 

Material 

22-ply X1551 Tiberglas, coated with Tinyl 
dispersion, molding pressure «00 p.s.i. 

22-ply XI55I Fiberglae, coated with 71nyl 
dispersion, aolding pressure 1000 p.s.i. 

22-ply 11551 Fiberglas, coated with Tinyl 
dispersion, aolding pressure    1000 p.s.i. 

22-ply X1551 Fiberglas, coated with Tinyl 
dispersion, stolding pressure 1000 p.s.i. 

22-91/ X1551 Fiberglas, coated with Tinyl 
dispersion, aolding pressure 1000 p.s.i. 

22-ply XI55I Tiberglas, coa.ad with Tinyl 
dispersion, stolding pressure £50 P**>1* 

22-ply XI55I Tiberglas, coated with Tinyl 
dispersion, aolding pressure 65O p.s.i. 

22-ply XI55I Tiberglas, coated with Tinyl 
dispersion, aolding pressure 1000 p.s.i. 

22-ply XI55I Tiberglas, coated with Tinyl 
dispersion, noldlng pressure 100 p.s.i. 

■!• Panel  .051« -  .062» - .062» 

22-ply X1551 Tiberglas, coated %ith Tinyl 
dispersion, aolding pressure 800 p.s.i. 

22-ply 11551 Tiberflas, coated with Tinyl 
dispersion, aolding pressure 1000 p.s.i. 

22-ply 11551 Tiberglas, coated with Tinyl 
disnersion, aolding pressure 650 p.s.i. 

15-ply X1551 Tiberglas coated with Tinyl 
dispersion;   :"-ply Rayon coated with 

Tinyl dispersion, alternate layeru  in 
center portion;  250 p.s.i. 

19-jsly XI551 Tiberglas coated with Tinyl 
dispersion; 9-ply Butrar (.005«); alter- 
nate layers in oenter portion;  250 p.s.1. 

20-ply XI55I Fiberglas, no coating;i9-ply 
ButT&r  (.005s);  altern  te  layers;100p.s.l. 

•!■ Panel .OfeV -  .051« - .OJls 

»•K« Panel .051» - .062- - .Ofe« 
•4* Paaal .0*>« -  M2m - .062« 

IquiT, 
Steel 
Pango_ 

.Ohgs 

.0U8« 

.0U8« 

.OUg« 

.0U7» 

.Ohg« 

.OU?» 

.OUgs 

.Ohßs 

.046" 

.048" 

.Ohgs 

.OVM" 

Cal.  .U5 
Ballistic     Figure 

Limit        of Merit*    Reference 

817 

817 

«21 

«20 

824 

82* 

tM 

86? 

860 

SS 

«25 

«? 

SU 

gU 

u 

«9 

Table T 

812 83 Table T 

827 81* Table T 

819 81» Table T 

Table T 

Table T 

«5 Table T 

86 Table T 

K Table T 

zf> Table Til 

S7 Table T 

U Table T 

w. Table T 

Table T 

Table f 

.OJlO« 809 90 Table T 

.0H6- 865 90 Table TXI 

.0*7 ■ 880 91 Table Til 

.OhU» 962 9« Table Til 

i 



Material 

TABLB  IX  (CONT'D) 

XqolT. 
Steel 

Cal. 
Ball!•tie Figuro 

Limit       of Merit*   Reference 

22-?ly X1551 Fiberglas, coatad vith Vinyl 
disperelon; 5OO p.s.l. 

22-ply X1551 Fiberglas, 22-ply Tinylite 
(„OÖv); alternate layers; »elding pressure 

500 p.e.i. 

.Ohh* 

.01*71 

95« 

1000 

102 

103 

reble T 

Tame T 

Doron (Type l) - R-I50 .0U2" 97U 106 Table I 

Boron (Typo l) - R-166 *0U2" 9SU 107 Table  I 

Doron (Type l) - R-II3 .047» 110h llh Table I 

Doron (Type l) - 1-123 .Ohg« 109s 11»* Table I 

Doron (Type 1) - R-hOUj .Ohi« 1037 llh Table I 

Doron (Type 1) - R-IU7 .0U2" 1060 115 Table I 

Doron (Type 1) - R-UOUd .Oho» 10hl 116 Table I 

Doron (Type l) - R-159 .OUhi 1105 118 Table I 

Doron (Type l) - R-12U .0h5« 1117 118 Table X 

Doron (Type l) - R-117 .oky 110h 119 Table X 

Doron (Type 1) - R-lUS .Ohl« 1105 ia Table X 

Doron (Type l) - R-II6 /»5« 1152 121 Table I 

Doron (Type 1) - R-120 .046- 1162 ia Table X 

•Figure of merit deterni aad fros the forrolat 
TSU8 x 100 

where TsQB i« the belli •tie limit ei ' the subject sample and ?R*D is the 

ballistic limit characteristic of sample« of Radfield manganese steel of 
equivalent weight. 



TABLE X 

CoaparatlTO It« si staue« of Tarlous Sanp leg ef Laminates to Perforation 

by Cal.  .22 JTagjaent-Sismlating Projectile, I 3-2 

Katnrlal 

SqulT. 
Steel 
Gauge 

Cal. .22 

Reference 

4 

Baliiatlo 
Licit 

figure 
of Merit» 

3-Seekari 8-ply Piberglaa-Retin;  21-ply 
Sylcn and Robber 

.oho« 670 42 Table IT 

3~Decker: 8-ply lylon-Resln; 21-ply lylon 
and Rubber 

.040» 725 *5 Table IT 

23-ply BCO-128 Pibergln«; 23-ply Saran 
eoreen (reIon); alternate layers; aeldlng .0U3« 1025 62 Table T 

pressure 500 p.t.i. 

•I" Panel  .051« -  .06U« -  .06h» .048« 1093 64 Table Till 

hO-ply XCC-128 Fiberglas coated with lO)t 
T19 P.T. Butyral on both aide«, ooapleU 
penetration, aolding pressure 500 p.a.l. 

.oh3« 1078 66 Table T 

•I« Panel - .OgU" - .051" -  .051« ,0^0« 1170 67 Table VIII 

•£• Panel - .051« - .06U" -  .06**» .049" 1167 67 Table Till 

■I" Panel - .0M0«      .06U" -  .OgU» .oh5« 1128 67 fail« Till - 

•I« Panel -  .OhO" -  .OgU* -  .06M .cu*,« 1128 67 Table Tin 

•I» Panel - .Q6V - .051" -  .051» .051« I2O3 68 < Table Tin 

,0h5« 1143 68 Table Till | 

•!• Panel - .Oho« - .06V - .06*" .oh5« 1198 70 Table Till 
1                j 

j 

•I» Panel - .051« - ,064" - .064» .050« 1263 72 Table Till 

«a« Panel - .051« - .06*« - .06U» .049» 1255 72 Table Till 

•I« Panel - .OHO" - .064* - .064« .042* 1175 72 Table Till 

* -*• Paael - .064» - .051« - .OJl« .0h9« 1287 7H Table  ¥11 

•X» Panel -  .064» - .051» - .OJÜ" .050« 131« 75 Table Till 

1* Panel -  .OJl« -  .06%» -  .064» .050- 1330 76 Table Till 

Doron (type 1) - 1-116 .045* 1293 77 Table I 

Doron (Type l) - R-166 .042* 1283 79 Table X 

Doro» (type 1) - 1-X13 .047« 13*5 79 Table  I 
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Material 

TJBLB X (COHT'D) 

XqulY. 

222S2- 

■K« Panel .072" - .051« - .051» 

•I" Panel  .051" - .062" - .062« 

■K" Panel .OkO* - .062« - .062* 

■I» Panel .06V - .051" - .051« 

•£■ Panel .072" - .051« - .051" 

I»ron (Type 1) - R-I50 

Doron (Type 1/ - R-123 

Bsron (Type l) - H-12& 

Boron (Type 1) - 3-UOltd 

■*■ Panel  .051«* - .0S2" -  .062" 

Doron (Type l) - H-UoMj 

ItoroB (Type 1) - R-IU8 

.<*6" 

.0^5« 

.051« 

.051« 

.0U2« 

.0h€« 

.0U5« 

.OUO» 

.CA6» 

.(Al» 

.(Al« 

 Cfcl.   .22 
Ballistic   Figure 

Limit     of Merit» 

1327 

1350 

1332 
l408 

IU25 

1370 

1U3O 

1W43 

1330 

1*60 

1U60 

1*7« 

79 

80 

80 

80 

81 

SU 

«5 

86 

88 

90 

92 

Hefer«nee 

Teile TXI 

Table TU 

Table TU 

Table TU 

Table TU 

Table I 

Table I 

Table I 

Table I 

Table Til 

Table I 

Table I 

Ten» X IOC 
»figure of aerit determined froa the formula,  „ gg£ • 

THiD 
where T SUB ie the 

ballistic limit of a subject saapla and THAp it tto ballistic limit characteristic 
of saaplee of Hadfielu aauganese steel of equivalent weight. 



TABU XI 

Average figure» of Merit of Yarloue Claesea of 

Laminate« with Rarnect to Their Beeie^-nce to 

Perforation by Gal.  ,**5 Ball Projectile« 

Material Ko.  Teatod 

13 

Average figure 
of Merit 

Daron (Type 1) 116 

Tlberglas (X155D 19 B7 

•X» Panel« (Table Til) 6 «7 

■I» PpjielB (All) 19 77 

»I« Panel» (Table Till) l? 72 

Duck 2 55 

Rubber Combination* 5 to 



TABLE III 

Ayerago Tignroe of Mi?U of Various Claaoot of 

La»lnatei vlth Beepeot to Their Resistance to 

Perforation by the Cal.  .22 yragnent-Slgalator, Q-2 

Arerage Figur« 
Material Bo. Tested of Morit 

Doron (Type l) 8i* 

•E* Panel» 

/Ibergla* SCC-I38 

Cobber Conbi:atlone 

20 7? 

64 

1 

, 
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